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(57) ABSTRACT

The described embodiments relate to a method for embed-
ding one or more electrical components 1n a flexible sub-
strate. The method includes receiving a substrate of a
flexible material, wherein the substrate includes a cosmetic
surface and an opposing surface. The method further
includes applying a carrier form to the substrate to create a
carrier assembly, wherein the carrier form includes one or
more positive images representative a design to be trans-
terred to the opposing surface of the substrate. The method
further includes removing or cutting a portion of material

from the opposing surface of the substrate to form a new
opposing surface. Subsequently, the carrier form 1s removed
from the substrate to reveal one or more embedding cavities
extending into the substrate at the new opposing surface. In
some embodiments, the embedding cavities can thereafter
receive one or more electrical components.
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REDUCING COSMETIC SURFACE
INTERFERENCE FROM EMBEDDED
COMPONENTS

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims the benefit of U.S. Provi-

sional Application No. 61/914,846, entitled “REDUCING
COSMETIC SURFACE INTERFERENCE FROM

EMBEDDED COMPONENTS” filed Dec. 11, 2013, the
content of which 1s incorporated herein by reference 1n 1ts
entirety for all purposes.

FIELD

The described embodiments relate generally to cosmetic
surfaces and more particularly to reducing or minimizing
interference with a cosmetic surface by embedded compo-
nents.

BACKGROUND

Generally, various consumer devices can include a cos-
metic surface. The cosmetic surface can be a part of a cover,
tag, case, housing, or other suitable 1tem, and can include
desirable features such as an even finish, feel, and texture.
The cosmetic surface 1s sometimes disposed along a portion
of a car, airplane, train, bicycle, motorcycle seat, handlebar/
steering wheel, ski poles, tennis/squash racket, golf club,
shoe, clothing, garment, and/or wearable component. As
technology advances, such consumer devices are mcorpo-
rating different components and/or mediums within the
cosmetic surface to increase the functionality of the con-
sumer devices. However, cosmetic surface materials used in
covering or creating covers, tags, cases, housings, or other
items can be relatively flexible and/or thin. Therefore, any
component embedded therein can disrupt the overlying
cosmetic surface and reduce a user’s experience as com-
pared to a more appealing surface. Moreover, increasing the
thickness of the material to limit cosmetic surface disruption
can increase overall bulk and further reduce a user’s expe-
rience.

SUMMARY

This paper describes various embodiments that relate to
embedding components beneath a cosmetic surface of a
flexible material.

In one embodiment, a method of processing material for
embedding at least one object or design 1n a substrate of
flexible material 1s disclosed. The substrate includes a cos-
metic surface and an opposing surface. The method includes
processing the substrate to a desired working thickness and
applying a carrier form to the substrate to create a carrier
assembly. The carrier form 1ncludes one or more positive
images representative of the object to be embedded 1n the
substrate of the flexible material. Further, the method
includes removing a portion of substrate from the opposing
surface to form a reduced opposing suriace.

Another embodiment set forth herein 1s a system for
removing a layer of substrate from a tlexible material. The
system 1ncludes a carrier form configured to receive a
flexible material. The carrier form can include one or more
positive images representative of a design to be embedded in
the substrate of the flexible material. The system can also
include a roller configured to move the carrier form and
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substrate and a blade configured to cut the substrate when
the roller moves the carrier form and substrate toward the
blade. As a result of cutting the substrate, the design from the
carrier form 1s formed 1n the substrate.

Another embodiment disclosed herein 1s a non-transitory
computer readable medium having instructions stored
thereon such that when executed by a processor, the pro-
cessor performs the method of processing matenial for
embedding at least one electrical component 1n a substrate of
flexible material. The method includes a step of receiving a
carrier form and a substrate of the flexible material. Addi-
tionally, the method includes the step of removing a portion
of substrate engaged by the carrier form, such that the
clectrical component can be embedded into the substrate.

Other aspects and advantages of the invention will
become apparent from the following detailed description
taken 1n conjunction with the accompanying drawings which
illustrate, by way of example, the principles of the described
embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

The described embodiments may be better understood by
reference to the following description and the accompanying
drawings. These drawings are not necessarily drawn to
scale. Additionally, advantages of the described embodi-
ments may be better understood by reference to the follow-
ing description and accompanying drawings. These draw-
ings do not limit any changes in form and detail that may be
made to the described embodiments. Any such changes do
not depart from the spirit and scope of the described embodi-
ments.

FIG. 1 shows a conventional material with a component
embedded therein.

FIG. 2 shows a cross section of the conventional material
of FIG. 1.

FIG. 3 shows a portion of a material with a component
embedded.

FIG. 4 shows a cross section of the portion of the material
of FIG. 3.

FIG. 5 shows a flowchart of a method of processing
material for embedding one or more components.
FIG. 6A shows an elevation view of a carrier form for

processing.

FIG. 6B shows application of the carrier form of FIG. 6A
to a portion of material for processing.

FIG. 6C shows the applied carrier form of FIG. 6B.

FIG. 7 shows a schematic of a system for processing the
material.

FIG. 8A shows a cross section and cut line of the applied
carrier form of FIG. 6B.

FIG. 8B shows the removal of material from the applied
carrier form of FIG. 8A.

FIG. 8C shows the removal of the carrier form after
removal of material of FIG. 8B.

FIG. 8D shows an embedding cavity formed through
removal of the carrier form of FIG. 8C.

FIGS. 9A-9H show a plurality of different possible carrier
forms and resulting embedding cavities and resulting cos-
metic features.

FIG. 10 shows a flowchart of a method of processing
material for embedding of one or more components therein.

FIG. 11 shows a flowchart of a method of processing
material for embedding of one or more electrical compo-
nents.
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FIG. 12 shows a flowchart of a method of processing
material for creating weakened areas 1n the processed mate-

rial.
FIG. 13 shows a flowchart of a method of processing
material for creating an ornamental design on the material.
FIG. 14 shows a flowchart of a method of processing
material for embedding of one or more electrical 1ntercon-
nections therein.

DETAILED DESCRIPTION OF S
EMBODIMENTS

T
.

ECTED

Representative applications of methods and apparatus
according to the present application are described in this
section. These examples are being provided solely to add
context and aid i the understanding of the described
embodiments. It will thus be apparent to one skilled 1n the
art that the described embodiments can be practiced without
some or all of these specific details. In other instances, well
known process steps have not been described 1n detail in
order to avoid unnecessarily obscuring the described
embodiments. Other applications are possible, such that the
tollowing examples should not be taken as limiting.

In the following detailed description, references are made
to the accompanying drawings, which form a part of the
description and 1n which are shown, by way of illustration,
specific embodiments in accordance with the described
embodiments. Although these embodiments are described 1n
suilicient detail to enable one skilled 1n the art to practice the
described embodiments, 1t 1s understood that these examples
are not limiting; such that other embodiments can be used,
and changes can be made without departing from the spirit
and scope of the described embodiments.

A trend 1n some modern electronic devices 1s to 1ncrease
aesthetics and functionality. Generally, a user may desire a
case, housing, or additional covering for any number of
devices or 1tems. The case can include at least one cosmetic
surface that 1s aesthetically pleasing. This cosmetic surface
can be an overlying surface made of a relatively flexible
maternal, such as, for example, leather, neoprene, synthetic
leather, cork, plastic, silicone, or any other suitable material.
It 1s generally understood that i1f the material covers or
obscures a display or user interface, a user may remove or
deflect the material to use the device. For example, a cover
with hinged portions can be deflected and folded such that
at least a portion of the user interface or display 1s useable.
Thus, the cover can allow protection of the user interface
when not 1n use, and be relatively easily altered to allow use
of the user intertace. However, as the material of the cover
1s relatively passive in conventional technology, and because
the cover 1s generally carried with a personal electronic
device, it can be beneficial to adapt the cover to include
additional functionality beyond that of protection or to
increase its ability to protect, for example, through the
embedding of functional components.

The embodiments described herein provide improve-
ments to the aforementioned devices and accessories. In one
embodiment, a method of processing material for embed-
ding at least one object or design in a substrate of flexible
material 1s disclosed. The substrate includes a cosmetic
surface and an opposing surface. The method includes
processing the substrate to a desired working thickness and
applying a carrier form to the substrate to create a carrier
assembly. The carrier form includes one or more positive
images representative of the object to be embedded 1n the
substrate of the flexible material. Further, the method
includes removing a portion of substrate from the opposing
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surface to form a reduced opposing surface. The reduced
opposing surface can be configured to receive an electrical
component. In some embodiments, the method i1ncludes a
substrate formed from at least one of leather, synthetic
leather, rubber, silicone, neoprene, cork, plastic, and felt. A
second material can be applied to the reduced opposing
surface to obscure the received electrical component.

Additionally, the method can include rotating a roller and
a blade simultaneously so that the roller pulls the carrier
form closer to the blade, and the blade cuts a portion of the
substrate. The carrier form can cause the substrate to deform
when the blade makes contact with the substrate such that
the thickness or density of the substrate moving above or
below the blade during cutting varies during the cutting
process. In some embodiments, the carrier form includes a
design that improves a physical characteristic of the sub-
strate. Examples of improved physical characteristics can be
increased flexibility, a fold, a hinge, or an ornamental design.

Another embodiment set forth herein 1s a system {for
removing a layer of substrate from a flexible material. The
system 1ncludes a carrier form configured to receirve a
flexible material. The carrier form can include one or more
positive images representative of a design to be embedded in
the substrate of the flexible material. The system can also
include a roller configured to move the carrier form and
substrate and a blade configured to cut the substrate when
the roller moves the carrier form and substrate toward the
blade. As a result of cutting the substrate, the design from the
carrier form 1s formed in the substrate. The design embedded
in the substrate can be representative of an electrical com-
ponent. In some embodiments, the carrier can be configured
to deform the substrate when the blade makes contact with
the substrate such that the thickness or density of the
substrate moving above or below the blade varies simulta-
neously with the cutting process. The flexible maternial or
substrate can be leather or imitation leather, and the elec-
trical component represented by the design can be an
antenna. The roller of the system can be configured to move
both the carrier form and substrate toward and away from
the blade atfter the blade has made contact with the substrate.

Another embodiment disclosed herein 1s a non-transitory
computer readable medium having instructions stored
thereon such that when executed by a processor, the pro-
cessor performs the method of processing matenial for
embedding at least one object or design 1n a substrate of
flexible material. The method includes a step of processing
of the substrate to a desired working thickness. The substrate
can have a cosmetic surface and an opposing surface. The
method further includes applying a carrier form to the
substrate to create a carrier assembly such that the carrier
form includes one or more positive images representative of
the object to be embedded in the substrate of the tlexible
material.

After the carrier form 1s applied to the substrate, a portion
ol substrate 1s removed from the opposing surface to form a
reduced opposing surface. The reduced opposing surface
can be configured to receirve an electrical component. A
second material can be applied to the reduced opposing
surface to obscure the received electrical component. In
some embodiments the substrate 1s formed from at least one
of leather, synthetic leather, rubber, silicone, neoprene, cork,
plastic, and felt. The method can further include rotating a
roller and a blade simultaneously, wherein the roller pulls
the carrier form closer to the blade, and the blade cuts a
portion of the substrate. In some embodiments the carrier
form causes the substrate to deform such that when the blade
makes contact with the substrate the thickness or density of
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the substrate moving above or below the blade during
cutting varies during the cutting process. In another embodi-
ment, a portion of the substrate that moved below the blade
during cutting 1s discarded, and a portion of the substrate
that moved above the blade during cutting is retained for
turther use or processing.

FIG. 1 shows a conventional material 1 with a component
embedded therein. As shown, the material 1 includes a
substrate 2 and a component 3 embedded within the sub-
strate 2. FIG. 2 shows a cross section of the conventional
material 1 of FIG. 1, wherein the cross-sectional view of
FIG. 1 1s illustrated relative to section 11 shown 1n FIG. 1. As
shown 1 FIG. 2, area 7 above component 3 1s deflected
outwards due to mterference of the cosmetic surface 5 by a
width, girth, and depth of the component 3. Furthermore,
deflected area 6 outlining the component 3 along the cos-
metic surface 5 1s readily apparent. Thus, although the
component 3 can increase functionality of the material 1 and
the device 1n which 1t can be incorporated, the appeal of
cosmetic surface 5 1s reduced by the detlection caused by the
component 3.

However, according to an embodiment of the present
invention, components such as component 3 can be readily
embedded 1n any suitable material after processing through
one or more of the methods described herein. Material
processed through this method can allow for embedding of
components, materials, or other objects while reducing
cosmetic 1nterference, and/or introducing ornamental
designs or other functionality. Hereinaiter, embodiments of
the present invention are described 1n detail with reference
to the many figures.

FIG. 3 shows a portion of material 11 with a component
embedded therein 1n accordance with an embodiment of the
present nvention. As shown, the material 11 includes a
substrate 12 and a component 13 embedded within the
substrate 12. The substrate 12 can be formed of any suitable
and relatively tlexible material. According to one embodi-
ment, substrate 12 1s formed of non-woven matenal (e.g.,
leather). In other embodiments, substrate 12 1s formed from
one or more layers of material such as leather, synthetic
leather, neoprene, silicone, plastic, laminated plastic, rubber,
laminated rubber, cork, felt, or any other suitable material
capable of having a portion thereolf removed through a
splitting or cutting process.

Regarding component 13, it should be understood that
component 13 can comprise any suitable passive or active
component or object. For example, component 13 can
include one or more conductors, tlexible or “tlex” cabling,
antennas, magnets, sensors, computer chips, processors,
integrated circuits, or any suitable combination thereof.
Additionally, component 13 can include additional material
applied thereon to obscure, attach, support, or otherwise
interact with the component 13 and substrate 12. The
component 13 can also include a layer of material config-
ured to support the cosmetic surface 15 while providing
differing tlexibility as compared to adjacent areas of mate-
rial. Additionally, component 13 can include adhesive or
fixative material configured to maintain positioning within
an embedding cavity. The substrate 12 and component 13
can be altered, configured, or arranged according to one or
more of the examples above without departing from the
spirit and scope of this disclosure.

Turning to FIG. 4, a cross section of the portion of
material 11 of FIG. 3 1s depicted relative to a slice IV shown
in FIG. 3. As illustrated 1n FIG. 4, area 17 above the
component 13 1s relatively undisturbed and remains aes-
thetically pleasing without interference to the cosmetic
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surface 15 by a width, girth, and depth of the component 13.
For example, edges 16 of the component 13 are not readily
visible on the surface 15 due to an embedding cavity or void
18 being created through an underlying surface 19. The
cavity 18 can be configured to receive and support the
component 13 thereby allowing 1ts embedding in substrate
12 without disrupting the cosmetic surface 135. In this way,
functionality of the material 11 can be improved or increased
while not detracting from otherwise aesthetically pleasing
attributes as compared to a passive cover or material for use
with a personal electronic device.

Herematter, methods of processing materials such as
material 11 are described in detail with additional reference
to carrier forms configured to created cavities similar to
cavity 18. The method 50 of FIG. 5 shows the step of
processing material for embedding of one or more compo-
nents 1 accordance with an embodiment of the present
invention. The method 50 includes initial processing of a
substrate or material at block 51. For example the material
or substrate can be substantially similar to the examples
listed above with reference to substrate 12. The 1nitial
processing can include leather tanning, application of
chemicals, stretching, polishing, sealing, or any other suit-
able technmique. The mitial processing can also include
splitting or milling material to an appropriate working
thickness. The nitial processing can be omitted 1t the
requisite substrate or material 1s already prepared, 1n some
embodiments.

The method 50 turther includes applying a carrier form to
the processed material or substrate at block 53. An example
of applying the carrier form of block 53 1s illustrated 1n
FIGS. 6A and 6B. FIG. 6A shows an elevation view of a
carrier form for processing material. FIG. 6B shows appli-
cation of the carrier form of FIG. 6 A to a portion of material
for processing. The carrier form 61 can be applied to the
substrate 12 against the cosmetic surface 15 such that a
positive image 62 on the carrier form 61 1s transterred to the
underlying surface 19. Pressure-sensitive adhesive, glue, or
other fixative techniques can be used in attaching the carrier
61 to the substrate 12.

FIG. 6C shows the applied carnier form of FIG. 6B, the
resulting positive 1mage 63, associated flat areas 66, and a
target cut-line 68 for material removal at the target cut-line
68. The target cut-line 68 1s cut at block 55 1n the method of
FIG. 5. Upon attachment of the carrier form 61 to form a
carrier assembly 60, the method 350 includes removing a
portion ol material by cutting approximately along the
cutline 68 at block 55. For example, FIG. 7 shows a
schematic of a system 70 for processing material 1n accor-
dance with an embodiment of the present invention for
removal ol material from a carrier assembly 60.

The carrier form 61 of the carrier assembly 60 can be
formed of a relatively flexible material such as plastic. The
carrier form 61 can also be formed of wood, machined
metal, glass-epoxy laminate, or any suitable material which
allows for suflicient flexibility as described below. The
carrier form can include a positive 1image 62 of a desired
embedding cavity, impression, or weakened area. In this way
the positive 1image 62 or impression resembles a stamp that
1s pressed onto the substrate and the portion of the substrate
that receives the positive 1image 62 or stamp becomes the
embedding cavity or weakened area. Generally, a dimen-
sional relationship between a depth of the positive image 62
and a resulting 1mage 1n an applied state 1s approximately
1:1. Alternative ratios are also possible depending upon a
processing technique used 1in material removal described
more fully below. The carrier form 61 can also include
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relatively flat areas 65 which are representative of areas in
which no material or relatively less material 1s removed as
compared to the positive image area 62. Additionally, there
can be gradient or transitional areas 64 such that relatively
smooth transitions are created on an underlying surface and
resulting embedding cavity. The shape and functionality of
the carrier form 61 can be substantially different than that
listed above and illustrated depending upon any desired
configuration of embedding cavity(ies) to be formed 1n the
material or substrate 12. The examples listed above and
described below 1n connection with a material removal
process are non-e¢xhaustive.

As shown 1n FIG. 7, the system 70 can include a pressure
roller or drive roller 71 configured to rotate, contact, and
move the carrier assembly 60 from a supply 77 of carrier
assemblies across a cutting implement 72. The roller 71 and
cutting implement 72 can be controlled through controller
73, or through multiple user interactions, and/or in combi-
nation with one or more controllers via communication
mediums 75 suitable for sending electrical or wireless
signals. The roller 71 can include an adjustable z-height or
pressure which can deform the carrier assembly 60 to ensure
removal of material within a desired specification or margin
of error. The carrier form 61 should be flexible enough to
allow processing through the roller 71 1n some embodi-
ments. In other embodiments, the carrier form 61 can be
substantially more rigid.

In some embodiments, the cutting implement 72 can
include a rotary blade, band-saw blade, alternating or oscil-
lating blade, grinding wheel or blade, milling machine, or
any other suitable cutting implement. According to at least
one embodiment, the cutting implement 72 1s a band or
ribbon blade can be configured to move 1 a direction
substantially parallel to an axis of rotation of the roller 71.
This portion can be an active cutting portion configured to
remain aligned or substantially aligned with the cutline 68.
As the carrnier assembly 60 moves towards and against the
cutting implement 72, processed material and waste material
can be gathered 1n any suitable manner.

The roller 71 1s configured to control the movement of the
carrier assembly 60 and can shift the carrier assembly 60 1n
a variety of directions. For example the carrier assembly 60
can be alternated from moving into and out of the cutting
implement 72 and/or rotated while doing so, to create edges
or other features in the substrate 12. Moreover, the roller 71
can rotate at the same or a different speed than the cutting
implement 72. The speed at which the roller 71 and cutting
implement 72 rotate can each be set such that each can be
constant, one can be faster than the other, or one or both can
rotate at speeds that vary as the carrier assembly 60 1s moved
through the system 70.

A cross section and cut line of the carrier assembly 60 1s
illustrated 1n FIG. 8A. After the carrier assembly 60 passes
through the cutting implement 72, the cut material 1s
removed from the carrier assembly 60, as illustrated 1n FIG.
8B. Subsequently at step 57 of FIG. 5, the carrier form 61
1s removed after the cut material, as illustrated 1n FIG. 8C.
The waste material 82 can be removed from the carrier
assembly (FIG. 8B), and the carrier form 61 can be removed
from the processed material 82 (FIG. 8C). Anew underlying
surface 81 1s formed along the cutline 68 which will form an
interior surface that includes the substrate and any resulting
embedded cavity(ies).

FIG. 8D shows an embedding cavity 83 formed through
removal of the carrier form after material processing. As
shown, tension along or proximate to the cosmetic surface
15 results 1n reconfiguration of the substrate 12 such that the
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cosmetic surface 1s relatively flatter than before processing
in FIG. 6B. The cavity 83 1s a negative 1mage or impression
of the positive image 64. The tension of the cosmetic surface
15 would generally be located about the transitional areas 64
of the carrier form 61. However, 1n some embodiments,
depending upon a particular material comprising the sub-
strate 12, more or less tension can be apparent, and leveling
of the cosmetic surface 15 can require further processing to
relax or stiffen the material.

The final step enumerated in method 50 1s removing the
carrier form 61 from the processed substrate for further
processing at block 59. Further processing 1s herein meant to
reflect any steps suitable for processing the processed sub-
strate after removal from the carrier assembly. In some
embodiments further processing i1s not necessary. In other
embodiments the processed substrate 1s further processed by
adding other layers of the same or different materials (e.g.,
other non-woven materials, woven materials, different col-
ored materials, polishes, metals, non-metals, conductors,
non-conductors, semi-conductors, etc.). Additionally, fur-
ther processing can include treating the processed substrate
with firming or reinforcing materials. Moreover, further
processing can be for improving aesthetics 1n order to make
the processed substrate more appealing to a consumer.

Although some embodiments herein include forming a
single cavity i connection with a single positive image on
a carrier form, 1t 1s understood that such embodiments can
be varied 1n many ways. For example, multiple positive
images can be arranged on a carrier form such that more or
less complex resulting cavities, or reduced surface/substrate
regions, are created through the described or compatible
cutting processes.

Examples of such arrangements are included in FIGS.
9A-9H. Specifically, FIGS. 9A-9H show a plurality of
different possible carrier forms and resulting embedding
cavities and resulting cosmetic features, 1n accordance with
embodiments of the present invention. As 1llustrated 1n FIG.
9A, a plurality of positive 1images 92 can be arranged on a
carrier form 91 to create the cavities 93 1n substrate 95. This
can allow for long cavities for routing conductors or creating
hinges/weakened areas. This can also allow for embedding
of a plurality of individual components such as sensors,
magnets, or other components. In FIG. 9B, edges of the
substrate 97 are reduced to create gradient transitional edges
which can be useful in creating edges for a device cover or
displaying multiple layers of material comprising the sub-
strate 97 (e.g., 1n a striped cosmetic eflect). The reduced
edges 96 are created through a gradient concave formation
94 1n the carrier form 93. The reduced edges 96 can take
other forms to aid i1n folding over edges of the substrate 97,
to aid in routing perimeter conductors, or for any other
suitable function.

As 1llustrated in FIG. 9C, carrier forms can be created
such that positive images create a planar routing of channels
99 and various embedding arecas 98 for interconnecting
devices and/or facilitating folding of a resulting substrate
100 while incorporating embedded components. In FIG. 9D,
a central area 103 or a perimeter area 102 can be tailored 1n
substrate 101 for embedding a larger central component (or
differing material) or creating similar edges to those
described with reference to FIG. 9B. In FIG. 9E, an embodi-
ment 1s 1llustrated wherein relatively narrow areas of weak-
ening 106 can be created to function as hinges of flexible
material such that the substrate 105 can be folded mm a
z-formation or accordion-formation. Although described as
weakened areas, 1t 1s understood that areas 106 can be
relatively flexible while also being durable, as thinming of
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these areas creates increased flexibility while not disturbing
the overlying cosmetic surface 15. Additionally, thin por-
tions of a second tlexible supportive material can be embed-
ded 1n areas 106 1n some embodiments. Furthermore, con-
ductors or antennas can also be embedded 1n areas 106.

In FIG. 9F, an embodiment 1s illustrated wherein rela-
tively thin areas 106 can be combined with a plurality of
other cavities 109 in substrate 107 such that the features of
both can be used 1n combination. Such an arrangement can
be created 1n a single or multiple passes of material removal
described above, depending upon a desired manufacturing
process. For example, multiple carrier forms can be applied
in sequence such that a method similar to method 50 1s
repeated as many times as desired to create any desired
substrate configuration. In FIG. 9G, an embodiment 1s
illustrated wherein a plurality of embedding cavities 109 can
be dispersed or arranged in a grid formation on a substrate
111 for aesthetic or functional purposes. Additionally, FIG.
9H shows an embodiment wherein reduced corner areas 113
are formed 1n substrate 112 such that excess material proxi-
mate the corners can be folded over and mmwardly to create
a pleasing edge or perimeter for the substrate 112. Addi-
tionally, or in combination, indicia 114, and 115 can be
created such that an ornamental design can be visible on a
cosmetic surface of the substrate 112.

Thus, as described above, embodiments of the present
invention provide for carrier forms of any suitable variety
configured to transier a positive image of a desired area of
reduction (or cavity) to a substrate of maternial. Once applied
to the substrate to form a carrier assembly, material opposite
a cosmetic surface can be removed to alter the characteris-
tics of the cosmetic surface such that an ornamental design
1s formed, functionality 1s increased, objects or components
are embedded, and/or any suitable combination of the same
1s achieved. In some embodiments, a portion of the cosmetic
surface can be removed through application of the carrier
form on an opposing, lateral, or inner surface of the material
substrate. All such modifications, combinations, and variet-
ies are within the scope of some embodiments.

Hereinatter, several methods of processing material sub-
strates Tor embedding components, creating cavities, reduc-
ing material thickness or density, and/or creating ornamental
designs are described in detaill with reference to FIGS.
10-14. FIG. 10 shows a flowchart of a method 120 of
processing material for embedding of one or more compo-
nents 1n accordance with an embodiment of the present
invention. The method 120 includes initial processing at
block 121 as discussed herein. Thereafter, the method 120
includes applying a carrier form representative ol an object
for embedding to a substrate at block 123 to create a carrier
assembly. For example, the applied carrier form can include
a positive 1mage ol an embedding cavity dimensioned and
configured to receive the object for embedding. In addition
to the positive 1image of the embedding cavity, the carrier
form can include any other desirable features as well.
Method 120 also includes removing a portion of material
from the carrier assembly at block 125, for example, through
processing in a system similar to system 70. Moreover, the
method 120 further includes removing the carrier form from
the processed carrier assembly at block 127, further pro-
cessing at block 129 as discussed herein, and embedding the
object at block 131.

FIG. 11 shows a flowchart of a method 140 of processing
material for embedding of one or more electrical compo-
nents 1n accordance with an embodiment of the present
invention. The method 140 includes initial processing at
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includes applying carrier form representative of a plurality
of electrical components to a substrate at block 143 to create
a carrier assembly. For example, the carrier form can include
one or more positive 1mages representative of a plurality of
clectrical components, communications mediums/intercon-
nections, and/or any other suitable features as well. The
method 140 further includes removing a portion of material
from the carrier assembly at block 145, removing the carrier
form from the carrier assembly at block 147, and further
processing at block 149 as discussed herein. Thereaftter, the
method 140 1ncludes embedding the plurality of electrical
components at block 151, embedding communication medi-
ums for/between the electrical components, and/or intercon-
necting the plurality of electrical components at block 153.

FIG. 12 shows a flowchart of a method 160 of processing,
matenal for creating weakened areas or areas of increased
flexibility 1n the processed material in accordance with an
embodiment of the present invention. The method 160
includes initial processing of a substrate at block 161 as
discussed herein. The method 160 further includes applying
a carrier form representative of desired areas of weakening
or increased tlexibility to a substrate at block 163 to create
a carrier assembly. The carrier form can include one or more
positive 1mages to create the desired areas of increased
flexibility or weakening. The method 160 can further include
removing a portion of material from the carrier assembly at
block 165, removing the carrier form from the carrier
assembly at block 167, and further processing at block 169
as discussed herein.

FIG. 13 shows a flowchart of a method 180 of processing
material for creating an ornamental design on the matenal in
accordance with an embodiment of the present invention.
The method 180 1ncludes 1nitial processing of a substrate at
block 181 as discussed herein. The method 180 further
includes applying a carrier form representative of a desired
indicia and/or ornamental design to a substrate at block 183
to create a carrier assembly. For example, the carrier form
can include one or more positive 1mages or impressions of
indicia and/or ornamental designs (e.g., a company logo,
text or picture warnings, instructions, or any other suitable
images or text). The method 180 can further include remov-
ing a portion of material from the carrier assembly at block
185, removing the carrier form from the carrier assembly at
block 187, and further processing at block 189 as discussed
herein.

FIG. 14 shows a flowchart of a method 200 of processing
material for embedding of one or more electrical 1ntercon-
nections in accordance with an embodiment of the present
invention. The method 200 includes 1nitial processing of a
substrate at block 201 as discussed herein. The method 200
turther includes applying a carrier form representative of
clectrical interconnections to a substrate at block 203 to
create a carrier assembly. For example, the carrier form can
include one or more positive 1mages or impressions of
clectrical interconnections. For example, the positive image
can be that of an antenna so that the material removed allows
for the placement of an antenna into the substrate.

The method 200 further includes removing a portion of
material from the carrier assembly at block 205, removing
the carrier form from the carrier assembly at block 207, and
further processing at block 209 as discussed herein. The
method 200 can also include further material removal to
create embedding cavities for components, sensors, electri-
cal devices etc., and embedding of one or more of the
components with a suitable electrical nterconnection(s).
Still further, the method can include embedding electrical
interconnections and/or connection 1nterfaces for establish-
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ing communication between the processed substrate and any
personal electronic device to which the processed substrate
can be severably attached.

It 1s understood that although described above as includ-
ing discrete methods for forming/embedding based on an
individual type of component, the same can be varied and/or
combined with any teachings or methods described herein to
allow for production of material substrates with any suitable
feature herein described.

The various aspects, embodiments, implementations or
teatures of the described embodiments can be used sepa-
rately or in any combination. Various aspects of the
described methods can be implemented by software, hard-
ware, machinery, or a combination of hardware and software
directing or controlling machinery. The methods can also be
embodied as computer readable code on a computer read-
able medium for controlling manufacturing operations or as
computer readable code on a computer readable medium for
controlling a manufacturing line for processing of materials
and/or embedding components and/or creating ornamental
designs and/or introducing weakened or more flexible areas/
hinges 1n a material. The computer readable medium is any
data storage device that can store data which can thereafter
be read by a computer system. Examples of the computer
readable medium include read-only memory, random-access
memory, CD-ROMs, HDDs, DVDs, magnetic tape, and
optical data storage devices. The computer readable medium
can also be distributed over network-coupled computer
systems so that the computer readable code 1s stored and
executed 1n a distributed fashion.

The foregoing description, for purposes of explanation,
used specific nomenclature to provide a thorough under-
standing of the described embodiments. However, 1t will be
apparent to one skilled 1n the art that the specific details are
not required 1n order to practice the described embodiments.
Thus, the foregoing descriptions of specific embodiments
are presented for purposes of illustration and description.
They are not mntended to be exhaustive or to limit the
described embodiments to the precise forms disclosed. It
will be apparent to one of ordinary skill 1n the art that many
modifications and vanations are possible in view of the
above teachings.

What 1s claimed 1s:

1. A method for embedding a design 1n a flexible substrate
that includes a cosmetic surface having a generally planar
configuration, the method comprising:

pressing a carrier form having a feature against the

cosmetic surface, wherein pressing the carrier form
against the cosmetic surface causes the cosmetic sur-
face to take on a modified configuration by increasing
an amount of tension across the cosmetic surface:
removing a portion of the flexible substrate from an
opposing surface of the flexible substrate; and
removing the carrier form from the cosmetic surface,
thereby reducing the amount of tension across the
cosmetic surface such that the cosmetic surface reverts
to the generally planar configuration and the opposing
surface takes on the design based on the feature.

2. The method of claim 1, wherein the flexible substrate
1s formed from at least one of leather, synthetic leather,
rubber, silicone, neoprene, cork, plastic, or felt.

3. The method of claim 1, wherein, removing the carrier
form from the cosmetic surface causes an embedded cavity
to be formed 1n the opposing surface having a size and shape
that corresponds to an electrical component.

4. The method of claim 3, further comprising inserting the
clectrical component into the embedded cavity.
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5. The method of claim 1, further comprising simultane-
ously rotating a roller and a blade relative to the flexible
substrate, wherein the roller pulls the carrier form closer to
the blade and the blade cuts a region of the flexible substrate.

6. The method of claim 5, wherein cutting the region of
the flexible substrate causes the carrier form to deform a first
amount of the flexible substrate when the blade makes
contact with the flexible substrate such that a thickness or
density of the flexible substrate moving above or below the
blade during the cutting 1s varied.

7. The method of claim 6, further comprising discarding,
the first amount of the tlexible substrate that moves below
the blade during the cutting and retaining a second amount
of the flexible substrate that moves above the blade during
the cutting.

8. The method of claim 1, wherein removing the portion
of the flexible substrate forms a modified opposing surface
having increased flexibility relative to the opposing surface.

9. The method of claim 1, wherein the carrier form 1s
pressed against the cosmetic surface by a roller.

10. The method of claim 9, wherein the roller moves the
carrier form and the flexible substrate towards or away from
a cutting tool that 1s capable of removing the portion of the
flexible substrate.

11. The method of claim 1, wherein, prior to pressing the
carrier form against the cosmetic surface, the method further
COmMprises:

pre-processing the flexible substrate, the pre-processing

including at least one of splitting, milling, tanning,
stretching, polishing, sealing, or applying a chemaical to
the flexible substrate.

12. A method for forming a design 1n a flexible substrate,
the method comprising:

pressing a template against a first surface of the flexible

substrate characterized as having a generally planar
conflguration to increase an amount of tension across
the first surface, wherein the template includes a posi-
tive 1image of a feature;

cutting a portion of a second surface of the flexible

substrate that i1s opposite the first surface; and
removing the template to reduce the amount of tension

across the first surface such that the first surface reverts

to the generally planar configuration and the second

surface takes on a cavity having a negative image of the
feature.

13. The method of claim 12, wherein the flexible substrate
1s formed from at least one of leather, synthetic leather,
rubber, silicone, neoprene, cork, plastic, or felt.

14. The method of claim 12, wherein the cavity has a size
and shape that corresponds to an electrical component.

15. The method of claim 14, wherein the method further
COmMprises:

causing the electrical component to be inserted into the

cavity.

16. The method of claim 15, wherein the cavity includes
an adhesive that fixes a position of the electrical component
within the cavity.

17. The method of claam 12, wherein removing the
portion from the second surface comprises simultancously
causing a roller and a blade to rotate relative to the flexible
substrate, wherein the roller pulls the template closer to the
blade and the blade cuts the portion of the flexible substrate.

18. The method of claim 17, wherein cutting the portion
causes the template to deform a first amount of the tlexible
substrate when the blade makes contact with the flexible
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substrate such that a thickness or density of the flexible
substrate moving above or below the blade during the
cutting process varies.
19. The method of claim 18, wherein the method further
COmMprises:
causing the first amount of the flexible substrate that
moves below the blade during the cutting to be dis-
carded and retaining a second amount of the flexible
substrate that moves above the blade during the cutting.
20. The method of claim 12, wherein, subsequent to
removing the template, the method further comprises:
treating the tlexible substrate with firming or reinforcing
materials.
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